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ABSTRACT 

PURPOSE: To uniformize the etching time of wiring connection holes whose 
depths are different with each other, at the time of forming the wiring 
connection holes, improve the connection yield of the wiring connection 
holes, and prevent the irregularity in pattern conversion difference, by a 
method wherein an insulating layer is formed by stacking a first insulating 
layer and a second insulating layer whose etching rates are different, and 
the thickness of the second insulating film on a conducting layer whose 

surface is high, is made thinner than the thickness of the second 

> 

insulating film on a conducting film whose surface is low. 

CONSTITUTION: The main surface 10 gas a step-difference whose height is 
H10. A wiring 6 and a wiring 7 are formed on the main surface 10; an 
interlayer insulating film 2 is formed; an interlayer insulating film 20 
whose material is different from that of the film 2 is formed; the surface 
of the interlayer insulating film 20 is flattened by, e.g., etching method, 
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and a surface 3 is obtained; holes 12, 13 for forming wiring connection 
holes are formed by photo resist 11; the interlayer insulating film 20 is 
etched at a etching rate a20 by e.g., RIE using the photo resist 1 1 as a 
mask; at this time, the etching rate of the interlayer insulating film 2 is 
set as a2. 
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Specification 

1. (Title of the Invention] 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 
THEREOF 

2. [Scope of Claims] 

[Claim 1] A semiconductor device comprising a conductive layer including a 
step on a surface of a semiconductor substrate where electrode wirings are 
formed; and an insulating layer in which a predetermined portion is opened 
over the conductive layer, wherein the insulating layer is formed by stacking 
first and second insulating layers of which etching rates are different, a 
thickness of the second insulating layer over a conductive layer where a 
height of a surface is high is thinner than that of a second insulating film over 
a conductive layer where a height of a surface is low. 

[Claim 2] A manufacturing method of the semiconductor device according to 
claim 1, wherein a wiring connection hole is formed by an etching method 
using a photo resist as a mask in which an etching rate of the second 
insulating layer is higher than that of the first insulating layer. 
[Claim 3] A manufacturing method of the semiconductor device according to 
claim 1 comprising a first step for dry etching an insulating film layer by 
using a photo resist as a mask; and a second step for etching the photo resist 
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and the insulating film layer simultaneously using a dry etching method in 
which an etching rate of the photo resist is higher than that of the insulating 
film layer. 

3. [Detailed Description of the Invention] 
[Industrial Field for the Invention] 

The present invention relates to a semiconductor device and a 
manufacturing method thereof, and more concretely to a structure of a wiring 
connection hole in a multilevel interconnection of an integrated circuit and a 
forming method thereof. 
[Prior Art] 

Figs. 7 (A) and (B) show a forming method of a conventional wiring 
connection hole. Since planarization of a surface 3 of an interlayer 
insulating film 2 improves homogenization of transmission characteristics of a 
wiring and is effective for preventing disconnection of a wiring and a leak 
current between wirings, it is essential in accordance with miniaturization of a 
wiring. Since the planarization in a multilevel interconnection is generally 
performed over a base with unevenness, difference between depths of wiring 
connection holes 4 and 5 which are formed by etching in aperture portions of 
a photo resist 11 approaches a height of a step which the unevenness of the 
base has, as the planarization degree of the surface 3 is improved. 
Consequently, times required for etching in forming the wiring connection 
holes 4 and 5 are different, so that an exposed surface 8 on a base 6 of the 
wiring connection hole 4 which is shallow is exposed in an atmosphere of 
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etching even after finishing etching of the wiring connection hole 4 until the 
wiring connection hole 5 which is deep is finished forming. In this case, 
reference symbol a denotes an etching rate of the interlayer insulating film 2; 
b denotes that of the base 6; and H4 and H5 respectively denote depths of the 
wiring connection holes 4 and 5. A depth h6 (see Fig. 7 (B)) which the base 
6 is etched at finish of etching is at least 
h6 = b (H5 - H4) / a. 
[Problems to be Solved by the Invention ] 

Such an etching of the base is not only unnecessary, but also causes a 
disconnection defect. Besides, pattern conversion difference by etching is 
easy to increase by being exposed in an atmosphere of etching after finish of 
etching, so that it is required to make an etching time uniform from a 
viewpoint of miniaturization of a pattern. 

[Means for Solving the Problems] 

In view of the foregoing, it is an object of the present invention to 
provide a wiring connection hole forming method for making an etching time 
of wiring connection holes having different depths uniform to improve a 
connection yield of the wiring connection hole and prevent fluctuation of 
pattern conversion difference in a formation of a wiring connection hole. 

Figs. 6 (a) to (f) are principle views for describing a structure and a 
forming method of a semiconductor device of the present invention in order of 
steps. A main surface 10 of a substrate 1 has a step with a height of H10 (a). 
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Wirings 6 and 7 are formed on the main surface 10 (b). After that, an 
interlayer insulating film 2 is formed (c). Subsequently, an interlayer 
insulating film 20 of which material is different from the interlayer insulating 
film 2 is formed. A surface of the interlayer insulating film 20 is planarized 
by, for example, an etching method, so that a surface 3 is obtained (d). 
Holes 12 and 13 for forming wiring connection holes are formed by using a 
photo resist 11 (e). Next, the interlayer insulating film 20 is etched by, for 
example, a reactive ion etching method (RIE) at an etching rate a20 by using 
the photo resist 11 as a mask. At this time, the interlayer insulating film 2 is 
etched at an etching rate a2. A time T6 while the wiring 6 is exposed in an 
atmosphere of etching until etching of a connection hole 5 is completed is 
H10/a20. H10 is illustrated in Fig. 6 (a). The higher the etching rate a20, 
the time T6 becomes shorter. In addition, the higher the etching rate a20 as 
compared to the etching rate a2, a ratio of T6 to an etching finishing time of 
the connection hole 5 is reduced so that a wiring connection hole forming 
time can be made uniform (f). As set forth above, the semiconductor device 
of the present invention has a structural characteristic that the interlayer 
insulting film has a two-layer structure, and a film thickness ratio of the 
interlayer connection film 20 with high etching rate to the interlayer 
insulating film 2 with low etching rate becomes higher in a position of a 
wiring connection hole as the wiring connection hole becomes deeper. 

[Embodiment] 
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Fig. I is a cross sectional view of a first embodiment of a wiring 
connection hole forming method of the present invention. In the drawing, 
reference numeral 1 denotes a substrate formed by integrating a 
semiconductor device; 2 denotes an insulating film; 20 denotes an insulating 
film of which material is different from that of 2; 3 denotes a surface of a 
most upper insulating film; 4 and 5 denote wiring connection holes; 6 and 7 
denote wirings; 8 and 9 denote exposed portions of respective wirings 6 and 
7; 10 denotes a main surface of the substrate 1; and 11 denotes a photo resist. 

Hereinafter, a manufacturing method of a wiring connection hole shown 
in Fig. 1 is described with reference to Fig. 4. 

A step with a height of H10 exists on the main surface 10 of the 
substrate 1 formed by integrating a semiconductor device such as a MOS field 
effect transistor or a bipolar transistor, a region for separating elements, or the 
like. A wiring of which material is, for example, aluminum is formed on the 
main surface 10 by an aluminum depositing step, a photolithography step and 
an etching step. The wiring 6 typifies a wiring formed on a higher portion of 
the step of the main surface 10, and the wiring 7 typifies a wiring formed on a 
lower portion of the step of the main surface 10. Subsequently, the 
insulating film 2 of which material is, for example, SiC>2 is deposited. The 
deposit of SiOn can be performed by a vapor phase reaction and sputtering. 
A film thickness of SiC>2 is required to be enough to deposit the wiring. It is 
approximately 100 nm with respect to a height of 1 fxm of a wiring. Si^Na 
can be used for the insulating film 2. Next, the insulating film 20 using PSG 


6/13 


as a material is deposited with a film thickness of approximately 1 ftm. 
Subsequently, the surface 3 of the insulating film 20 which is planarized using 
a surface planarization method such as an etch back method is obtained. For 
that purpose, for example, an organic polymeric material layer 12 is applied 
thereover, which is treated thermally to form a wiring structure having a plane 
surface. Next, the surface of the wiring structure which is structured in this 
manner is etched by RIE under the condition that etching rates of the 
insulating film 20 and the organic polymeric material layer 12 are the same, 
so that the plane surface 3 is obtained by removing a convexity of the 
insulating film 20 simultaneously with etching of the organic polymeric 
material layer 12. 

Next, after the photo resist 11 is applied with a film thickness of 1.6 fim 
by the photolithography step, the aperture positions 13 and 14 for the wiring 
connection holes are exposed by patterning, and the surface 3 is covered with 
a photo resist. 

An etching of the wiring connection hole is performed with a normal 
RIE apparatus, and an etching rate of PSG is 130 nm/min while that of SiO: is 
36 nm/min in the case of using CHF3/O2 mixed gas as an etching gas at a flow 
ratio of 9/50 SCCM, at a pressure of 50 mTorr, and at a RF electric power of 
1000 W. Here, for example, the step H10 is 0.5 ^um, the depth of the wiring 
connection hole 4 is 0.5 ftm, the depth of the wiring connection hole 5 is 1 jum, 
and the film thickness of the insulating film 2 is 0.5 /*m. In this case, the 
wiring connection hole 4 is overetched for about 3.8 minutes until an etching 
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of the wiring connection hole 5 is finished. It corresponds to 22% of the 
total etching time. On the one hand, in the case that SiC>2 is used for all of 
the interlayer insulating films, the wiring connection hole 4 is overetched in 
the same way for about 13.9 minutes, which corresponds to 50% of the total 
etching time. On the other hand, in the case that PSG is used for all of the 
interlayer insulating films, the overetching time of the wiring connection hole 
is the same as that of the present embodiment, however, which corresponds to 
50% of the total etching time. As set forth above, in the wiring structure in 
which the main surface 10 of the base has a step and the surface 3 is 
planarized, the etching finish times of the wiring connection holes having 
different depths can approach by that the interlayer insulating film is formed 
to have a two-layer structure and the etching rate of the upper layer is made to 
be higher than that of the lower layer. As a result, an unnecessary 
overetching time can be shortened, so that a disconnection defect and increase 
of pattern conversion difference due to etching of an aluminum wiring 
accompanied by an overetching can be prevented. 

In addition, it goes without saying that the interlayer insulating film 20 
can remain over the entire surface after the etch back as shown in Fig. 6. 

Fig. 2 is a cross sectional view of a second embodiment of a wiring 
connection hole forming method of the present invention. It shows the case 
that wiring connection holes are formed on impurity-dispersed layers 16 and 
17, and similarly to the case of the first embodiment, an unnecessary 
overetching time of the wiring connection hole 4 can be shortened. 


Fig. 3 is a cross sectional view of a third embodiment of a wiring 
connection hole forming method of the present invention. 

Hereinafter, a manufacturing method of a wiring connection hole shown 
in Fig. 3 is described with reference to Fig. 5. 

An etching of the wiring connection hole is performed, as a first stage 
by using CHF3/O2 mixed gas as an etching gas at a flow ratio of 9/50 SCCM, 
at a pressure of 50 mTorr, at a RF electric power of 1000 W, and an etching 
rate of PSG is 130 nm/min while that of S1O2 is 36 nm/min. In the first stage, 
time for which PSG is etched to 0.5 ftm and Si0 2 is etched to 0.14 /4m is 
selected. Subsequently, as a second stage, an etching is performed by using 
CHF3/O2 mixed gas as an etching gas at a flow ratio of 75/50 SCCM, at a 
pressure of 50 mTorr, at a RF electric power of 1000 W, and an etching rate of 
PSG is 50 nm/min, that of SiCh is 20 nm/min, and that of the photo resist 11 is 
100 nm/min. As the second stage, time for which SJO2 is etched to 360 nm 
and the photo resist is etched to 0.9 fim is selected. At this time, the photo 
resist is side-etched at 50% of the above-described etching rate and is 
enlarged to approximately 0.5/*m on one side as compared to that when the 
etching is started. When the etching of the second stage is finished, the 
wiring connection hole 4 is finished etching so that the exposed surface 8 of 
the base wiring 6 is exposed. On the other hand, a portion of 0.14 fim which 
is not etched in the interlayer insulating film 2 remains in the wiring 
connection hole 5. Succeedingly, as a third stage, the same etching condition 
as that of the first stage is selected, and S\0 2 is etched to 0.14 to expose 
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an exposed surface 9 of the base wiring 7 so that the etching of the wiring 
connection hole 5 is completed. A sidewall of the wiring connection hole 
has inclination accompanied, by enlarging the exposed portions 13 and 14 of 
the photo resist 11 in the second stage, and the hole diameter becomes larger 
in upper surface of an aperture, so that the wiring connection holes become 
taper shapes where the exposed surfaces 8 and 9 of the base wirings keep the 
initial hole diameters. As one effect, the wiring is easy to enter into the 
connection hole, so that throwing power of wiring is improved, and 
consequently the yield of connection in the wiring connection hole is 
improved. As another effect, the exposed diameter of the base wiring is not 
enlarged, so that an aligning margin of the wiring connection hole and the 
base wiring is not required to enlarge, and consequently it is favorable for 
miniaturizing a pitch of wiring. 

In the case that SiCbis used for all of the interlayer insulating films and 
the taper shape of the wiring connection hole is obtained in the same way of 
the second stage in the embodiment 3, if the initial hole diameter in the 
exposed portion 8 of the base wiring in the wiring connection hole 4 of which 
depth is shallow is intended to keep, a time schedule in which the second 
stage can be applied in an etching process of the wiring connection hole is 
limited, so that the inclination of the sidewall cannot be obtained under 0.5 
fim from the upper portion of the wiring connection hole 5 as a shape of the 
wiring connection hole. Consequently, the improvement for throwing power 
of wiring has less effect as the hole diameter is miniaturized and the step of 
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the base becomes large. Besides, it is obvious that the overetching time for 
the wiring connection hole is longer than that of the present embodiment 2. 

In the case that PSG is used for all of the interlayer insulating films and 
the taper shape of the wiring connection hole is obtained in the same way of 
the second stage in the embodiment 3, the taper shape cannot be formed in a 
bottom portion of 0.5 fim of the wiring connection hole 5 as a shape of the 
wiring connection hole in order to prevent enlarging the hole diameter in the 
exposed portion 8, and furthermore, there is a practical problem that it is 
difficult to find a stable etching condition for making an etching rate ratio of a 
photo resist to PSG high. In the case of a level in the second stage of the 
embodiment 3, it is not so much expected that the throwing power of wiring is 
improved since the photo resist is enlarged to 0.2 fim on one side. 

Accordingly, in the present invention, the etching time of the wiring 
connection holes having different depths can be uniform. Besides, a position 
of the taper of the sidewall in the wiring connection hole can be set freely 
without changing the pitch of wiring. 

[Effects of the invention] 

As mentioned above, the overetching time of a wiring connection hole 
can be shortened according to the present invention. An effect thereof is that 
a yield of wiring connection is improved since a quantity of etching of a 
wiring connection hole base accompanied by overetching is reduced. 
Furthermore, there is an effect that control of a pattern conversion difference 
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at etching of the wiring connection hole is improved since enlargement of the 
wiring connection hole by side etching accompanied by overetching is 
reduced. It is advantageous to miniaturization of a pitch of wiring. An 
inclination of a sidewall of a wiring connection hole can be controlled in the 
present invention. Furthermore, a position to enlarge the wiring connection 
hole can be set freely while keeping a hole diameter of the bottom of the 
wiring connection hole the initial size in the present invention. As an effect 
thereof, steepness of the step in the wiring connection hole is eased without 
reducing a margin for fitting the wiring connection hole, so that throwing 
power of wiring is improved even in a microscopic wiring connection hole, 
and consequently the improvement of the yield of wiring connection can be 
realized. 

4. [Brief Description of the Drawings] 

Fig. 1, Fig. 2 and Fig. 3 are cross sectional views each showing one 
embodiment of a semiconductor device of the present invention. 
Figs. 4 (a) through (h) are cross sectional views showing one embodiment of a 
manufacturing method of the semiconductor device shown in Fig. 1 in order 
of steps. 

Figs. 5 (a) through (d) are cross sectional views showing one embodiment of a 
manufacturing method of the semiconductor device shown in Fig. 3 in order 
of steps. 

Figs. 6 (a) through (f) are cross sectional views showing a structural principle 
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of the semiconductor device of the present invention in order of steps. 
Figs, 7 (A) and (B) are cross sectional views showing one example of a 
manufacturing method of the conventional semiconductor device in order of 
steps. 

1 ... substrate formed by integrating a semiconductor device 

2 ... insulating film 

3 ... surface of a most upper insulating film 
4, 5 ... wiring connection hole 

6, 7 ... wiring 

8, 9 ... exposed portion of wirings 6 or 7 

10 ... main surface of substrate 1 

11 ... photo resist 

12 ... organic polymeric material layer 

13, 14 ... aperture of wiring connection hole 4 or 5 of photo resist 11 
16, 17 ... impurity-dispersed layer 

20 ... insulating film of which material is different from insulating film 2 

Applicant: Nippon Telegraph and Telephone Corporation 
Representative: Patent attorney: Hisagoro TAMAMUSHI and two others 
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